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ABSTRACT 
The growing number and impact of extreme weather events has led to increasing awareness 
in the extractives industries of the potential negative impact of climate change.  The mining 
industry has started thinking about their vulnerabilities and the risks climate change could 
pose. Awareness in the extractives industries of the potential negative impacts of climate 
change on the mining sector has grown in the past years. The impacts of extreme weather 
events such as recurring droughts, floods and cyclones experienced in some of the world’s 
leading mining regions, such as Australia, Chile and Mongolia have led some sections of 
the industry to start thinking about their own vulnerabilities and the risks climate change 
could pose. However, there has been little research and debate that takes a more 
comprehensive look at the links between climate change and mining. This paper described 
the disaster of coal mining in relation with the long interval between the years of 1851 to 
1962. The number of deaths was from 10 to 361. The long interval years of data (ranged 
from 1851 to 1962, a total of 40,550 days) indicated that the data have been passing through 
vary of climate change.  The data in fact had been already analyzed by other researcher 
applying statistical methods. In this research, we try to apply data mining techniques of 
association rules to find the highest support and confidence in the data. Afterwards, we will 
fit the determined association rules to the available data of Coal-mining Disasters from 
1963 to 2015. The objective of the research was to find the association rules. The method 
was patterned frequency and a priori algorithm. The benefit of the research was to anticipate 
the disasters based on the association rules found.. 
Keywords: Data mining, association rules, anticipate disasters, Coal-mining, model.    
1 INTRODUCTION 
The mining sector is extremely energy-intensive and therefore, one of the major emitters of 
greenhouse gases (Norgate and Haque 2010). The mining industry produces fossil energy 
resources that further contribute to global CO2 emissions. Coal provide for approximately 
20% of the world’s primary energy demand, contributing to global warming through direct 
emissions when burned, but also through fugitive emissions that are released during the 
process of mining coal from under the earth’s surface (MCA 2015). On adaptation and 
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mitigation strategy for sustainable life, the interdisciplinary approaches can be considered to 
be taken. Mining disasters have been a focal point of mine operators, safety and health 
personnel, and miners, as well as mine safety and health researchers in the United States for 
decades. Hundreds of disasters, resulting in thousands of mine worker deaths, have occurred 
in mines since 1900 (Brnich and Kowalski-Trakofker 2010). Emphasis is on the future by 
integrating the research on human behavior in disasters into the mining industry (Brnich and 
Kowalski-Trakofker 2010). The Mining Program and its predecessors have been the 
primary researchers for mine disaster prevention for the better part of the twentieth century. 
Mining disaster prevention and control research within the Mining Program addresses mine 
disasters, which are defined by the Mining Program as five or more fatalities per incident 
(NIOSH 2005). The program goal, as stated, is to “reduce the risk of mine disasters (fires, 
explosions, and inundations); and minimize the risk to, and enhance the effectiveness of 
emergency responders,” and will be achieved with a 25 percent reduction in the number of 
injuries and deaths attributed to mine fires, explosions, inundations, and rescue response 
activities between 2010 and 2014, compared to the average yearly totals from 1990 to 2001 
(NIOSH 2005). Due to the wide geographic distribution of mining operations, climate 
change, including temperature and precipitation shifts as well as more frequent and severe 
extreme weather events, will have complex impacts on the sector. Climactic conditions will 
affect the stability and effectiveness of infrastructure and equipment, environmental 
protection and site closure practices, and the availability of transportation routes. Climate 
change may also impact the stability and cost of water and energy supplies (Nelson and 
Schuchard 2011). It is widely recognized that available mining deposits are increasingly 
deeper and of declining ore grade, that will lead to increased demands for water as well as 
greater mine waste, thereby raising energy consumption, and increasing the industry’s 
climate footprint (Mudd et al. 2012). Mining is a sector that is particularly vulnerable to 
climate change (Arent et al. 2014). Changing climatic conditions will have both direct 
(operational and performance-based) and indirect (securing of supplies and rising energy 
costs) impacts on the mining sector (Sharma et al. 2013). Therefore, the coal mining 
disasters was resulted from some conditions of interactions between mining activities and 
climate change.). 
2 METHODOLOGY 
One of the tools to approach was applying Data Mining algorithms from Information 
Technology. In this case, the association rules were designated to analyze. The data analysis 
was conducted by Rapidminer version 7.2.  Data, in fact, were two sets. The first data were 
taken from A Collection of Problem from Many fields (Springer Series) (Andrews and 
Herzberg 1985). The time interval of the data was between the years of 1851 to 1962 (111 
years of range). The number of deaths was from 10 to 361. The second data were taken 
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from US Department of Labor (Coal Fatalities 1900 to 2015). The number of deaths was 
from 12 to 3242.   
We try to apply data mining techniques of association rules to find the highest support and 
confidence in the data. Association Rules: Given: (1) database of transactions, (2) each 
transaction is a list of items (purchased by a customer in a visit). Find: all association rules 
that satisfy user-specified minimum support and minimum confidence interval. Example: 
30% of transactions that contain beer also contain diapers; 5% of transactions contain these 
items. Than 30%: confidence of the rule, 5%: support of the rule. We are interested in 
finding all rules rather than verifying if a rule holds.  Association rules describe how often 
items are purchased together (Toivonen 1996) or in this paper describe how often the event 
of disasters occurred together: for instance, an association rule “miners ->fatalities (0.014; 
0.5)” states that within certain numbers of miners will have happened certain fatalities with 
a support of 0.014 from the data, but with 0.5 confidence. 
Association rules are if/then statements that help uncovers relationships between seemingly 
unrelated data. An example of an association rule would be "If a customer buys eggs, he is 
80% likely to also purchase milk." An association rule has two parts, an antecedent (if) and 
a consequent (then). An antecedent is an item (or item set) found in the data. A consequent 
is an item (or itemset) that is found in combination with the antecedent. 
Rule Measures: Support and Confidence (Nisbet et al. 2009) as follows: 
Find all the rules X & Y   Z with minimum confidence and support. Support, s, is the 
probability that a transaction contains {X & Y & Z}. Confidence, c, is conditional 
probability that a transaction having {X & Y} also contains Z. 
Table 1. Example of support and confidence took from the transactions 
Transaction Identification Items Bought 
2000 A, B, C 
1000 A, C 
4000 A, D 
5000 B, E, F 
Let minimum support 50%, and minimum confidence 50%, then we have A   C (50%, 
66.6%), C   A (50%, 100%). Application examples of Market Basket Analysis    
Maintenance Agreement (What the store should do to boost Maintenance Agreement 
sales?); Home Electronics     (What other products should the store stocks up on if the 
store has a sale on Home Electronics?); Attached mailing in direct marketing; Detecting 
“ping-pong” ing of patients.” 
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2.1 Data Analysis By Rapidminer Version 7.2 
The cases of the first data were 187, with its variables or attribute of the day, date, month, 
year, the day of the year, interval (days), and a number of deaths. The cases of the second 
data were 116 with three attributes, year, miners, Fatalities.  
3 RESULTS 
The association rules found from the first data was so many rules. Then the conclusion of 
the association as follows: 
 
Figure 1.  Many rules found in the first data with its supports and its confidence 
The conclusion of association rules from the first data then taken as follows: 
 
Figure 2. Association Rules with its supports and its confidence 
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Table 2. Association rules from the first data with Product as case 
No. Rule No. Premises Conclusion Support Confidence 
1 18 Product 12 Product 20 0.0263 0.194 
2 19 Product 27 Product 12 0.006 0.214 
3 20 Product 27 Product 12, Product 20 0.006 0.214 
4 21 Product 29 Product 20 0.008 0.222 
5 22 Product 12, Product 20 Product 11 0.006 0.230 
6 23 Product 12, Product 20 Product 27 0.006 0.230 
7 24 Product 11 Product 20 0.034 0.25 
9 25 Product 19 Product 20 0.012 0.25 
10 26 Product 20 Product 12 0.026 0.254 
11 27 product 1 Product 12 0.014 0.291 
12 28 Product 20 Product 11 0.034 0.333 
13 29 Product 12 Product 15 0.046 0.343 
14 30 Product 22 Product 12 0.008 0.363 
15 31 Product 31 Product 12 0.010 0.416 
16 32 Product 20, Product 27 Product 12 0.006 0.428 
17 33 Product 27 Product 20 0.014 0.5 
18 34 Product 20, Product 19 Product 11 0.006 0.5 
19 35 Product 11, Product 12 Product 20 0.006 0.6 
20 36 Product 15 Product 12 0.046 0.638 
21 37 Product 11, Product 19 Product 20 0.006 1 
22 38 Product 12, Product 27 Product 20 0.006 1 
Table 3. The association rules obtained from the first data after increasing the 
minimum supports to .250 
No Rule No. Premises Conclusion Support Confidence 
1 18 Product 12 Product 20 0.0263 0.194 
2 24 Product 11 Product 20 0.034 0.25 
3 26 Product 20 Product 12 0.026 0.254 
4 28 Product 20 Product 11 0.034 0.333 
5 29 Product 12 Product 15 0.046 0.343 
6 36 Product 15 Product 12 0.046 0.638 
On Table 3, it can be seen that the minimum supports of 0.046 with the confidence of 0.636 
is the highest score. Then a case of coal mining disaster of cases number 15 or similar to it 
will have occurred of the same condition as the cases of number 12 by its confidence of 
0.638.  The product of 15 meant the day was Saturday of 24 May, and a number of deaths 
were 12. The product of 12 meant the day was Tuesday of 26 April, and a number of deaths 
were 12. It can be seen on number 5 and 6 that the product of 12 and 15 was associated. The 
association meant that the similar case can have occurred if both condition the same. Then, 
be aware that on Saturday or Tuesday the security alert should be optimized to minimize the 
risks of disaster in the coal mining industry. 
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Figure 3. The relation between Miners and its Fatalities, in the second data 
 
Figure 3.  If then rules of miners to fatalities with its support and confidence 
Table 4. Association rules from the second data with Product as case 
No. Rule No. Premises Conclusion Support Confidence 
1 18 Product 12 Product 20 0.0264 0.194 
2 24 Product 11 Product 20 0.0345 0.25 
3 26 Product 20 Product 12 0.0264 0.2549 
4 28 Product 20 Product 11 0.0345 0.3333 
5 29 Product 12 Product 15 0.0466 0.3433 
6 30 Product 22 Product 12 0.0081 0.3636 
7 36 Product 15 Product 12 0.0466 0.6389 
On Table 4, it can be seen that the rule number of 36 is the highest support by its value of 
0.0466 and with the highest confidence of 0.6389. That condition was if the similar case as 
the product of 15 occurred that it will have the conclusion as a product of 12. The product 
of 15 as the case of number 15 in the original data, which mentioned that the number of 
miners was 747644 and the number of fatalities was 2,785. The product of 12 as the case of 
number 12 in the original data, which mentioned that the number of miners was 728,348 
and the number of fatalities was 2,656. Thus, if the condition as numbers of miners was in 
the same numbers as in the case of 15, the fatalities would have the same or similar to 
fatalities as in the number 12.  It can see in Table 4 that the product of 15 and 12 were 
associated (rows number 5 and 7). The association meant that the similar case can be 
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occurred if both conditions are the same. Then, be aware that on cases with the numbers of 
miners as around 747,644, the fatalities can be around 2,785 0r 2,656. Then, security alert 
should be optimized to minimize the risks of disaster in the coal mining industry. 
4 CONCLUSION 
The conclusion of the first data is that the security alert in the coal mining industry should 
be optimized to minimize the risks of disaster especially on Saturday or Tuesday. The 
climate change between Saturday and Tuesday can be significantly different from the rest of 
the days. Then, be aware that on cases with the numbers of miners as around 747,644, the 
fatalities can be around 2,785 0r 2,656 or 0.3725 % as the more numbers of miners lead to 
the more numbers of victims or fatalities especially when the climate conditions have been 
changed to the sensitive situation of approaching the severe extreme weather. 
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